Background: Previous studies have shown that self-reports tend to underestimate smoking status, especially among women in Korea. We therefore assessed the characteristics of Korean women smokers who falsely described themselves as non-smokers.
INTRODUCTION
Smoking is an important public health issue for women, since it affects the development and health of the fetus during pregnancy [1] [2] [3] and increases the risk of lung, stomach, cervical, bladder, oral, and laryngeal cancer. priate policies for smoking cessation. As an initial step, it is necessary to more precisely analyze smoking prevalence in this population. However, previous studies likely underestimated the real smoking rate of Korean women, since the results were usually obtained by administering questionnaires. 6) Since Korean society frowns on women smoking, many women smokers conceal this on questionnaires. 7, 8) Additional research is therefore required to assess women smokers who pretend not to smoke, thereby obtaining more accurate information on smoking rate and behaviors.
Biochemical markers can provide objective information on smoking status. Cotinine, a metabolite of nicotine, is a frequently utilized marker of smoking status, due to its long half-life (range, 18 to 20 hours). Moreover, measurements of urinary cotinine are non-invasive, and cotinine concentrations are not affected by urine pH. [9] [10] [11] Utilizing the data from the Korean National Health and
Nutrition Survey in 2008, we analyzed the demographic, physical, and psychological characteristics of Korean women smokers, as determined by urinary cotinine concentrations, who self-report as being non-smokers.
METHODS

Subjects
This study consisted of 4,135 adult women, aged ≥19 years, who participated in the Korean National Health and Nutrition Survey in 2008. Of these, 3,151 subjects answered questions about their smoking status on self-reported questionnaires and underwent assays of urinary cotinine concentration. Although urinary cotinine concentration ranged from 20 to 500 ng/mL, the cut-off level distinguishing smokers from nonsmokers was normally not higher than 100 ng/mL. 11, 12) To avoid including secondhand-smokers, we considered subjects with urinary cotinine levels higher than 100 ng/mL as 'biochemically determined smokers.'
Definitions of Smokers and False Respondents
Smokers were defined as those who answered 'yes' to the question, "do you smoke?" or had a urinary cotinine level >100 ng/mL (n = 328). Nonsmokers were defined as those who answered 'no' to the question about smoking or had a urinary cotinine level <100 ng/mL (n = 2,823). A false respondent was defined as a person who answered 'no' to the question about smoking but had a urinary cotinine concentration >100 ng/mL (n = 131), and a true respondent was defined as a person who answered 'yes' to the question about smoking, regardless of the results of urinary cotinine tests (n = 198).
Measurement of Variables
All questionnaires were administered to subjects in their weeks), and suicidal ideation (within the previous year). Lifestyle variables included monthly frequency of alcohol consumption, moderate or vigorous physical activity (more than 20 minutes per session and more than 3 times per week), walking, and attempts to control weight (increase, decrease, or maintain) during the previous year. We also analyzed whether a subject was exposed to secondhand smoke at home, and length of exposure (none, <1
hour, or >1 hour), in order to evaluate the effects of secondhand smoke on urinary cotinine concentrations. Medical Institute using a gas chromatograph (Clarus 600T;
PerkinElmer, Turku, Finland), and cotinine reagent (Sigma).
Statistics
Due to the multistage probability sampling design of the 
RESULTS
Smoking Rate
Of the 3,151 subjects, 328 (10.4%) had urinary cotinine levels above 100 ng/mL. Using weighted analysis, the smoking rate based on urinary cotinine concentrations was 11.8% (95% CI, 10.5% to 13.3%). In contrast, only 198 out of the 3,151 respondents (6.3%) referred to themselves as smokers, with the weight self-reported smoking rate being 7.4% (95% CI, 6.4% to 8.4%).
General Characteristics of Smokers and Nonsmokers
The mean urine cotinine concentration was significantly higher in smokers than in non-smokers (788.4 ng/mL vs. 11.7
ng/mL, P < 0.001). The average age of smokers was 41.8 years, which was lower than that of nonsmokers (46.8 years old). There were more smokers in younger age groups (19-29 and 30-39 years) and more nonsmokers in middle aged groups (>40 years) (P < 0.001). A significantly higher percentage of more educated (high school or higher) than of less educated (middle school or lower) women were smokers (P < 0.001). Single, divorced, widowed and separated women were significantly more likely to be smokers than were women living with spouses (P < 0.001).
Women who drank more than one glass of alcohol per month were significantly more likely to be smokers (P < 0.001), as were women who felt depressed (P < 0.001), stressed (P = 0.007), or had suicidal ideations (P < 0.001).
Characteristics of True and False Respondents
Univariate analysis showed differences between false and true respondents with regard to educational level, marital status, household income, household composition, weight control, amount of stress, and suicidal ideation (Tables 1, 2 
DISCUSSION
The present study, using data from the Korean National
Health and Nutrition Survey of 2008, found that the self-reported smoking rate of Korean women was 7.4%, whereas the rate based on urinary cotinine concentration >100 ng/mL was 11.8% (95% CI, 10.5% to 13.3%). Among smokers, those who were more Previous studies have reported that a higher level of education was associated with lower smoking rates. 13, 14) However, we found that women with a higher level of education were more likely to conceal their smoking status. Due to the negative image of smoking, women with higher levels of education may have a higher level of self-monitoring and therefore would try to conceal their smoking status.
A previous study from Korea reported a lower smoking rate among women who were married and living with spouses than among unmarried, divorced, widowed or separated women. 15) We found, however, that women in the former group were more likely to attempt to hide their smoking from husbands, probably A literature review of smoking among women found that smoking rates were higher among women of lower rather than higher socioeconomic status. We found, however, that false reports on smoking status were more common among middle and upper class women, those with higher levels of education, those living with their husbands, those trying to control their weight, and those not subjected to much stress. These differences may be due, at least in part, to Korean culture, in which women who smoke are regarded more negatively than men who smoke.
Since women with higher levels of self-monitoring may try to conceal their smoking habits, more accurate investigations of smoking in Korean women should not utilize the results of selfreporting surveys only. Rather, these surveys should be adjusted to account for these groups of women who tend to conceal their smoking habits.
This study had several limitations. Due to its cross sectional design, the study could not delineate causal relationships among factors. Second, we used only one measurement, urinary cotinine concentration, to identify false respondents.
Despite these limitations, to our knowledge this study is the first to describe the characteristics of Korean adult women who respond falsely on surveys of smoking status in a nationwide representative population. We also analyzed the socio-economic and psycho-physical characteristics of the false respondents.
Accurate assessment of smoking prevalence among Korean women and a determination of the characteristics of women smokers are needed to implement effective policies that reduce smoking rate.
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